Vadose Zone Mapping Using Geographic Information
Systems and Geostatistics by Li, Ruopu & Zhao, Lin
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Papers in Natural Resources Natural Resources, School of 
5-2011 
Vadose Zone Mapping Using Geographic Information Systems 
and Geostatistics 
Ruopu Li 
Tianjin University, rli@huskers.unl.edu 
Lin Zhao 
Tianjin University 
Follow this and additional works at: https://digitalcommons.unl.edu/natrespapers 
 Part of the Natural Resources and Conservation Commons 
Li, Ruopu and Zhao, Lin, "Vadose Zone Mapping Using Geographic Information Systems and 
Geostatistics" (2011). Papers in Natural Resources. 336. 
https://digitalcommons.unl.edu/natrespapers/336 
This Article is brought to you for free and open access by the Natural Resources, School of at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Papers in Natural Resources 
by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 
Vadose Zone Mapping Using Geographic Information 
Systems and Geostatistics 
A Case Study in the Elkhorn River Basin, Nebraska, USA 
Ruopu Li *, Lin Zhao 
School of Environmental Science and Engineering 
Tianjin University 
Tianjin, China 300072 
Abstract--Characteristics of the vadose zone media are important 
for assessing contamination potentials for projects such as 
landfill siting and planning. However, accurate vadose zone maps 
at the regional scale are often not available. This study 
successfully mapped low-permeable components of the vadose 
zone across the Elkhorn River Basin, Nebraska, using geographic 
information systems (GIS), groundwater level data, and a test 
hole database. The map has the potential to land use planners for 
searching and planning landfill sites. 
Keywords-vadose zone; Elkhorn River; test hole; GIS; landfill 
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1. INTRODUCTION 
Characteristics of the vadose zone, the unsaturated area 
below the soil profile and above the unconfined water table, 
influence the routing and rate of movement of water and, thus, 
the time for attenuation processes to occur [1]. For example, 
high silt and clay contents in the vadose zone can prevent the 
fast transport of leached water from the ground, and hence 
increase the time and chances of contaminant decomposition. It 
is also important for assessing contamination potentials for 
solid waste planning and management, such as landfill siting. 
However, the information of vadose zone characteristics is 
typically site specific and available in geological reports or in 
test hole databases. However, accurate regional vadose zone 
maps for planning purposes are often not available, or lack 
sufficient geographic details. It is also difficult and error-prone 
for non-geological planners to develop vadose zone maps for 
their projects. 
Geographic information systems (GIS) have the advent­
ages of integrating, displaying and managing different types of 
geospatial information over broad spatial extents. Spatial 
hydrogeologic data, such as groundwater level monitoring 
wells and test hole databases, can be imported and manipulated 
in GIS. The purpose of this study is to develop a geographically 
detailed regional vadose zone map using GIS, geostatistics and 
related geospatial datasets. In this study, we focused on the 
pollution attenuation properties of the vadose zone for the 
landfill planning purpose. 
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II. STUDY AREA 
This study was conducted in the Elkhorn River Basin of 
Northeast Nebraska (Fig. 1). The terrain of the basin generally 
descends toward the east with elevations ranging from about 
800 to 300 meters above mean sea level. The dominant land 
uses are cropland and pasture/rangeland [2]. The western third 
of the basin lies in the Nebraska Sand Hills region, where 
widespread rangelands and sandy infertile soil dominate. The 
central part of the basin is dominated by Loess Hills and a 
mixture of rangelands and croplands. The eastern basin, a 
glaciated region, is predominantly used as cropland [2]. 
The hydrogeology of the basin varies from the Sand Hills in 
the Upper Elkhorn River Basin to the eastern glaciated area in 
the Lower Elkhorn River Basin [3]. In the upper basin, alluvial 
unconsolidated sand and gravel deposits of Quaternary age are 
widespread. Low-permeability glacial-till deposits mainly 
occur in the lower basin [4]. Over the whole basin, the 
principal aquifers vary in saturated thickness from 0 to 
approximately 244 meters, and the depth to water below the 
land surface ranges from 0 to more than 61 meters [3]. The 
highly varied hydrogeology makes this basin an ideal study 
area to test our methods. 
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Figure 1. The Elkhorn River Basin, Nebraska (study area) 
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III. METHODS 
In this study, we used the thickness of low-permeable 
components (silt and clay) as an indicator of the pollution 
attenuation characteristics of the vadose zone. Firstly, we 
determined the thickness of vadose zone using groundwater 
level monitoring data and Digital elevation model (DEM). 
Then, the thickness of silt and clay components was calculated 
using a test hole database (Fig. 2). 
The groundwater level data were acquired from the U.S. 
Geological Survey (USGS) Active Groundwater Level 
Network (http://groundwaterwatch.usgs.gov/). Test hole data 
were obtained from Nebraska Test Hole database (http://snr. 
unl.eduidata/geographygis/NebraskaTestHole/NebraskaTestHo 
leIntro.asp). The DEM data were obtained from USGS Seam­
less Data Warehouse (http://seamless.usgs. gov/) 
A. Thickness of the Vadose Zone 
We used the unconfined depth-to-water to represent the 
vadose zone thickness in this study. A continuous surface of 
depth-to-water was modeled based on a combination of 
groundwater level data and DEM dataset. The unconfined 
groundwater level data during 2000-2008 were retrieved from 
the USGS Active Groundwater Level Network using a web 
query function of Microsoft Excel, and stored in a Microsoft 
Access database. Locations of surface water features, such as 
major streams, lakes, wetlands, and springs were obtained from 
the USGS National Hydrography Dataset (NHD) and used to 
indicate where the water table approximates 0 [5]. Subse­
quently, GIS was used to identify 20,000 virtual data points 
that were randomly plotted on these surface water features. 
The common practice to generate groundwater table surface 
is using interpolation methods such as Krigging. But the 
resulting interpolated depth-to-water surface lacks topographic 
variation. This is problematic because the water table config­
uration in unconfined aquifers is known to approximate the 
land surface [6]. To improve the accuracy of regional ground­
water table mapping, Snyder [5] proposed that depth-to-water 
mapping can be improved by averaging the interpolated 
groundwater depth and the interpolated groundwater table 
elevation. The water table interpolated from groundwater depth 
tends to be shallower under hills and deeper under valleys than 
the real water table. By contrast, the water table interpolated 
from the water table elevation data tends to be deeper under 
hills but shallower under valleys. Therefore, it was hypo­
thesized that averaging results from two interpolation estimates 
would improve representation of the actual water table. 
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Figure 2. Calculation of the thickness of silt and clay in each test hole 
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Figure 3. Flowchart for mapping the vadose zone thickness 
In this study, we followed the procedure as shown in Fig. 3 
to develop the map of the vadose zone thickness for the study 
area. The interpolation was implemented using ArcGIS 
Geostatistical Analyst (Fig. 4). It is noted that 9-year 
groundwater level data were averaged for each groundwater 
monitoring well before the data interpolation. The cell size of 
the develop raster surface was set as 30 meters, the same size to 
the DEM. 
B. Thickness of the Silt/Clay Components in the Vadose Zone 
The thickness of silt and clay components in the vadose 
zone was derived from lithology records in the Nebraska Test 
Hole Database. Firstly, the lithology for each well was gene­
ralized and reclassified into one of seven groups: soil, silt/clay, 
sand/gravel, sand/silt/clay, sandstone/limestone, bedrock and 
other hard minerals. Then, the vadose zone thickness at each 
test hole was queried based on the developed depth-to-water 
map. We calculate the percentage of silt/clay by dividing the 
accumulated thickness of silt/clay by the vadose zone thickness 
in each test hole. The computation was conducted using Excel. 
The percentages of silt/clay in test holes were then interpolated 
into a raster surface for the study area. Finally, the thickness of 
silt/clay contents in the vadose zone was generated by multi­
plying the layers of silt/clay percentage and depth-to-water 
(vadose zone thickness) using GIS (Fig. 5). 
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Figure 4. Interpolation using Geostatistical Analyst in ArcGIS 
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Figure 5. Flowchart for mapping the silt/clay thinkness in the vadose zone 
IV. RESULTS AND DISCUSSIONS 
Based on our methods, the resulting depth-to-water (vadose 
zone thickness) map for the Elkhorn River Basin was shown in 
Fig. 6, and the map for the thickness of low-permeable 
components in the vadose zone was illustrated in Fig. 7. 
Groundwater depth of the upper basin is below 6.2 meters 
overall, and most parts of the lower basin have a groundwater 
level of more than 26 meters. The developed groundwater 
depth map well follows the local topography as exhibited in 
Fig. 1. Groundwater level is deeper under hills in the lower 
basin, while shallower under river valleys and upper basin 
(which is part of Nebraska Sand Hills region featuring shallow 
groundwater tables). 
According to Fig. 7, thick silt and clay occurs in the vadose 
zone of the lower basin except for the river valleys, while very 
little silt and clay in the vadose zone was present in the upper 
basin. In general, this map conforms to the general regional 
hydrogeology: the upper basin features sandy soil and 
unsaturated zone, while lower basin is covered with thick low­
permeable glacial deposits rich in silt and clay components. 
Thus, the aquifers under the upper basin are basically more 
susceptible to ground contaminants. The aquifers under the 
lower basin, owing to the protection of thick silt and clay in the 
vadose zone, are more resistant to groundwater pollution. 
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Figure 6. Groundwater depth map for the study area 
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Figure 7. Thickness of siltlclay in the vadose zone for the Elkhorn River 
Basin 
V. SUMMARIES 
This study developed a geographically detailed regional 
vadose zone map regarding its pollution attenuation character­
istics in the Elkhorn River Basin using GIS and geostatistics. 
The map well corresponds with local topography and hydro­
geology. The method presented in this study has the potential 
to be applied to other regions with available groundwater level 
data and test hole database. The developed vadose zone map 
can assist land planners in landfill siting for better solid waste 
management. 
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